Background: Surgical smoke is recognized as occupational hazard which may lead to acute and chronic health effects to those who work in operation theatre. This study aimed to determine the prevalence of health effects from surgical smoke exposure and its associated factors among perioperative healthcare workers in Hospital Serdang.
Surgical smoke is defined as a by-product of energy-generating devices (e.g., electrosurgery devices, laser, ultrasonic device, ultrasonic aspirators, and high speed electrical devices (Ulmer, 2008) . The smoke developed as a result of thermal interactions with soft tissues which disrupts intracellular and extracellular components at 100 o C by direct or indirect heat or shock waves generated from electrosurgical devices (Ott, 1994) .
The National Institute for Occupational Safety and Health US has classified surgical smoke as a potential acute and chronic health risk (NIOSH, 1996) . The hazards of surgical smoke exposure mainly affect the respiratory system, in the form of chemical, biological, carcinogenic, mutagenic and cytotoxic hazards (Mowbray, Ansell, Warren, Wall and Torkington, 2013) . Table 1 shows the list of potential health effects of surgical smoke exposure. Table 1 : List of potential health effects from surgical smoke exposure Source: Alp et al, 2006; Okoshi et al, 2015 Reports from several healthcare institutions in the US showed that, 36% to 52% of healthcare workers have experienced at least one symptoms associated with surgical smoke exposure. A Health and Clinical Sciences e-ISSN : 2289-7577. Vol. 6:No. 1 January/February 2019 Mohd Fikri R., Titi Rahmawati H https://doi.org/10.32827/ijphcs.6.1.131
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Open Access: e-Journal number of 33-46% of healthcare workers was reported to be having eye and upper respiratory irritation (NIOSH, 1987 (NIOSH, , 1988 (NIOSH, , 2006a (NIOSH, , 2006b (NIOSH, , 2006c . Even though a clear cause and effect relationship is difficult to be determined, continuous exposure to surgical smoke may lead to chronic irritation of respiratory mucosal lining. If the exposure is not stopped it might initiate to the development of chronic diseases or malignancy of oropharynx in the future (Baggish, Poiesz, Joret, Williamson, & Rebai, Joret, Williamson, Rebai, 1991) . The potential to develop infectious diseases transmission, carcinogenicity and mutagenicity due to exposure to surgical smoke had been proven from in vitro and in vivo animal studies (Baggish et al , 1991; Okoshi et al, 2015) .
Epidemiologically linked cases of HPV transmitted via surgical smokes had been reported among surgeons and perioperative nurses in German, Canada and Norway. Several literatures have postulated linkages of laryngeal papillomatosis with Human Papilloma Virus (HPV) transmission via surgical smoke with similar type of HPV to patients they operated on (Calero & Brusis, 2003; Hailmo & Naess, 1991; Rioux et al, 2013) . Experts in virological institute have confirmed a probability of occupational exposure among gynecological perioperative nurses who developed laryngeal papillomatosis (Calero & Brusis, 2003) .
Several countries have acknowledged surgical smoke as occupational hazard and they had used legislative obligatory approach in reducing the exposure towards perioperative healthcare workers. Countries like the US, German, and Denmark have used legislative obligatory approach for the use of smoke extractor in operation theatre (Watson, 2009) . Australian College of Operating Room Nurses (ACORN), National Institute for Occupational Safety and Health (NIOSH) US, Association for Perioperative Practice (AFPP) UK, and Canadian Standard Association (CSA) have recommended in their guidelines the use of smoke extractor in the operation theatres.
In Malaysia, it is the responsibility of employer to ensure proper management of risk and hazard that arise at the workplace (OSHA, 1994) . Working in operation theatre has exposed perioperative healthcare workers to surgical smoke hazards. Doctors, nurses, and technicians who work in operation theatre are among the job categories that have highest exposure to surgical smoke hazards (Pimentel et al, 2017) . However, to best of our knowledge there was no studies done on this issue yet in Malaysia.
This study aim to determine the health effect of surgical smoke exposure as well as its associated factors among perioperative healthcare workers at Hospital Serdang .
Materials and Methods
This is a cross sectional study which was conducted in three clinical departments in Hospital Serdang Malaysia. The respondents were selected via stratified random sampling method (based on department). Staffs who are doctors, nurses, assistant medical officers and general workers who work in operation theatre from the three departments (Anaesthesiology, General Surgery and Obstetrics and Gynaecology) were chosen. Those who had been working for at least 4 weeks were included in the study (Baggish, et.al., 1987) . While staffs who were on International Journal of Public Health and Clinical Sciences e-ISSN : 2289-7577. Vol. 6:No. 
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The required sample size was estimated based on the formula used for the hypothesis testing of two samples population proportions (Lemeshow et al, 1990 ) of having acute respiratory symptoms due to surgical smoke. By estimating 20% of non-response rate among healthcare workers, the number of respondents required for this study is calculated to be 137 respondents. Based on the department staff numbers ratio, study participants were randomly selected by using a random table to meet the required sample size of 137 respondents.
The dependent variable for this study is acute health effects due to surgical smoke that have been experienced in the last one year. Independent variables are sociodemographic factors (age, gender, ethnicity, marital status, highest level of education received, employment status, and average gross monthly income), employment factors (department, job category, role in surgery, duration of working in hospital and operation theatre, total number surgeries conducted or assisted in a week, and surgical factors (type of surgery using ESD the most, most common type of surgery conducted in a week, duration to complete the most common type of surgery, most common type of ESD used, frequency of ESD activation in a surgery, duration of ESD use per activation, highest and lowest power for ESD activation (Watt) and distance from surgical site) and control measure factors (disturbance and description to surgical smoke smell, awareness on wall exhaust ventilation availability and functionality, awareness on surgical smoke extractor availability and functionality, practice and type of PPE usage, frequency of using liquid aspirator in surgeries, frequency of using liquid aspirator per ESD activation and availability of written instruction on the use of liquid aspirator to remove surgical smoke).
Dependent variable include nine health effects due to surgical smoke which were categorized into 4 acute symptoms. There are, asthma like symptoms which consist of chest tightness, shortness of breath, wheezing and acute exacerbation of bronchial asthma in respondent with underlying bronchial asthma disease. Another category is upper airway irritation which consists of sore throat, cough and nasal congestion. The other two out of 4 symptoms are headache and eye irritation.
The self-administered questionnaire which consists of 38 questions and 5 sections were sent to the selected respondent using both methods, online web-based and hard copies. . Similar methods of data collection had been used by the National Institute of Occupational Safety and Health (NIOSH) US and other similar study on acquiring information on health effects obtained from surgical smoke exposure (Ilce et al., 2017; NIOSH, 1988b NIOSH, , 2006a NIOSH, , 2006b ).
Ethical approval for this study were granted by the Medical Research and Ethics Committee, Ministry of Health Malaysia (NMRR-17-3271-39477) and from Universiti Putra Malaysia Ethics Committee for Research Involving Human Subjects (JKEUPM) with the reference number JKEUPM 2018-222. . All respondents were assured of anonymity on questionnaires submission and data confidentiality. Data obtained was recorded and analysed using Statistical Package for the Social Sciences (SPSS), version 25.0
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The response rate is 100%, where all 137 respondents returned or filled up the questionnaire. Table 3 shows that most of the respondents are permanent employee (86.9%), from support staff category (46%), and with assisting role in surgery (82.5%). Most of them (38.8%) have worked for more than 9 years in hospital and 29.3% of them solely worked in operation theatre. Table 4 shows the prevalence of acute health effects of surgical smoke among respondents is 58.4%. The most common symptoms recorded are uppers airway irritation (40.0%), followed by headache (27.4%).
Sociodemographic and employment characteristic of respondents
The relationship between four factors, (sociodemographic, employment factors, surgical factor and control measure factor and at least one acute health effects of surgical smoke) were explored in this study. In Table 5 below the analyse the association between sociodemographic factors and health effects due to surgical smoke, No significant associations were found between any of the sociodemographic characteristic with at least one acute health effects due to surgical smoke (Table 5 ). Table 6 shows statistically significant associations found between three components under employment factors having at least one acute health effects due to surgical smoke, namely, departments (p < 0.049), role in surgery (p < 0.038) and period of working in hospital (p < 0.042). Out of so many surgical factors, only the number of surgery conducted or assisted in a week have significant association with having acute effect of surgical smoke (p=0.047) ( Table 7) . None of the control measure factors have significant association with acute health effects of surgical smoke (Table 8) .
Predictors of health effects of surgical smoke
Predictors of health effects of surgical smoke were determined using multiple logistic regression (MLR). Prior to that, simple logistic regression (SLR) was performed for all the significant associated factors (p < 0.05). Factors with p value < 0.25 were chosen and included in the multivariate analysis. e-ISSN : 2289 -7577. Vol. 6:No. 1 January/February 2019 Mohd Fikri R., Titi Rahmawati H https://doi.org/10.32827/ijphcs.6.1.131
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Open Access: e-Journal Table 9 : SLR of significant associated factors with health effects of surgical smoke *significant factors (p < 0.05) SLR analysis resulted with only 2 factors with significant findings, namely role in surgery and period of working in hospital (Table 9 ). Whereas the multiple logistic regression analysis showed the only statistically significant predictor for acute health effects of surgical smoke is role in surgery (see Table 10 ). Respondents with assisting role in surgery was found to have 2.7 times more likely of developing at least one acute health effects of surgical smoke compared to respondents with conducting role in surgery (AOR = 2.7, 95%CI=1.134, 7.001, p = 0.047). The final model equation for predictor of health effects of surgical smoke using forward LR method is, Log (acute health effects of surgical smoke) = -0.598 + 1.003 (assisting role in surgery) International Journal of Public Health and Clinical Sciences e-ISSN : 2289-7577. Vol. 6:No. (NIOSH, 2006a (NIOSH, , 2006b (NIOSH, , 2006c . Higher prevalence reported in this study due to more job categories participated in the study has more exposure towards surgical smoke. This study involve doctors (medical officer and house officer) as well as scrub and circulating nurse in which expose to higher surgical smoke exposure by performing the role of assisting surgery. In contrast with the other three studies, the participant were predominantly consist of surgical nurse rather than surgeon and other job categories.
In this study one of the statistically significant association found in the employment factor is the role in surgery of respondents.. Similar findings was found in a study conducted by Ilce, Yuzden, & Yayuz (2017) where respondents with assisting role in surgery has higher prevalence of acute health effects. For the Ilce et.al., (2017) study, the respondents consist of nurses (55.6%) and doctors (44.4%) with significant association were found between acute health effects and nursing role in surgery. When performing operation surgeon are assisted by support staffs such as nurses and medical assistants.. Hence, their nature of work and the exposure to surgical smoke is different..
Generally doctors (surgeon and non-surgeon) t have work shorter hour in operation theatre compared to support staffs. Their presence in operation theatre is for conducting surgery on a case to case basis and different surgical case may have different surgeon. While the role of support staffs to assist surgery remain the same and is fixed based on their work schedule. Hence, support staff, particularly nurses, have longer exposure towards surgical smoke generated from multiple surgical operations which use ESD. Subsequently they have higher prevalence of acute health effects compared to the doctors. This plausible explanation was supported by another study conducted by Ball (2001) .
The longer the duration of working in hospital, particularly in operation theatre will lead to higher exposure towards surgical smoke and cause significant health effects (Gates, Feskanich, Speizer, & Hankinson, 2007) . However, in this study, result showed 78.6% of respondents reported to have acute health effect within 3 to 6 years working duration in hospital (Table 6 ). The plausible explanation can be due to physiological desensitization changes from chemicals in surgical smoke exposure among the older respondents with longer working duration in hospital (Stuck, Fadel, Hummel, & Ulrich Sommer, 2013) .
A more specific factor in determining the degree of exposure among perioperative workers is the number of surgeries conducted or assisted in a week among respondents. Results in this study showed significant differences in acute health effects among the conduct or assist group of worker who had 5 and more surgeries (64.1%) compared to less than 5 surgeries in a week group (42.9%) ( Table 7) . This result postulates, higher number of surgeries conducted or assisted associate with higher exposure towards surgical smoke which resulted with higher prevalence of acute health effects. A study conducted by Navarro-Mezza et al (2013) showed 
Open Access: e-Journal similar association between high surgical smoke exposure index and higher prevalence of health effects from surgical smoke. Exposure index was calculated from hours of surgical procedures divided by number of surgery in a month. This finding was in tandem with finding of our study. Based on the simple logistic regression analysis conducted, it shows respondents with more than 5 surgeries a week have higher risk by 2.38 time more likely to develop acute health effect compared to respondent with less than 5 surgeries conduct or assist in a week (95 CI%: 1.134, 7.001, p = 0.026).
In this study 61.3% of variance in at least one acute health effects of surgical smoke among respondent were explained by the predictor. The predictor of acute health effects of surgical smoke in this study is assisting role in surgery. There is difficulties in trying to compare our findings with other studies as limited studies were done to determine predictors for acute health effect from surgical smoke exposure. In this study, assisting role in surgery has 2.7 times more likely of developing at least one acute health effects of surgical smoke compared conducting role in surgery The factors were in tandem with perioperative nurse as assisting role has the higher exposure towards surgical smoke compared to conducting role in surgery (AORN, 2016).
Conclusion and recommendation
Our study showed the prevalence of acute health effects of surgical smoke exposure among perioperative healthcare workers in operation theatre of Hospital Serdang is 58.4%. Four factors were identified to be significantly associated with acute health effects of surgical smoke: department, period of working in hospital, role in surgery and number of surgery conducted/assisted in a week. Assisting role in surgery was the sole significant predictor in which 2.7 times of assisting role has more likely of getting acute health effects compared to conducting surgery role. Recommendation to improve the situation include providing job rotation among support staffs such as alternating scrub nurse and circulating nurse role in operation theatre in order to reduce surgical smoke exposure. Further recommendation on future studies include to determine the causal relationship between surgical smoke and health effects and quantifying the effectiveness of liquid aspirator use in extracting surgical smoke which was commonly practiced among the perioperative healthcare workers.
